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" baked-on " to the plates. The ratio of water to milk varies from 3 : i to
8 : i according to the type of apparatus employed. Both pre-heating and
holding may be carried out in the same vessel, but this is not advisable in
any except the smallest plants, since constant supervision is necessary.
The heater is used to raise the temperature of milk above the legal minimum
but below the legal maximum. Badly-designed apparatus will readily cause
uneven heating and the following basic principles with regard to efficiency
require to be noted :
(i)  Metals employed in construction must be good conductors of heat.
(ii)  Metals must be fabricated as thinly as possible consistent with proper
mechanical strength.
(iii) Temperature differences between the liquid and the heating medium
should be as great as possible, always provided that accurate temperature
control can be achieved and that no deleterious effect is exerted upon the liquid
being heated.
(iv) It is essential that the liquids should flow rapidly on both sides of the
heat-transfer surface.
(v) The degree of agitation of the liquid must be strictly controlled, although
agitation assists in the quick transference of heat.
(vi) The design should ensure that a uniform flow space is provided and
maintained.
Separate heaters are not often installed, although there are several types,
as follows :
(a)   Apparatus similar to an ordinary cooler with hot water running through
instead of cold, milk passing over the outer surface.    This type possesses all
the disadvantages of an ordinary cooler so far as contamination of the milk from
the  atmosphere is  concerned,  while the  surfaces are  difficult to  cleanse and
sterilise.     When such apparatus is employed, particular attention must be paid
to the joints where the tubes enter the tube plates, as a failure at this point
would be followed by re-contamination of the milk.
(b)   Plant designed  to  revolve  milk rapidly  around  the  heated inner sur-
face of  a  conical vessel, the milk being thrown  by centrifugal force over the
upper edge of the cone.     The time taken for milk to rise from the bottom of
the cone, to which position it is constantly fed, until it is thrown over the lip, is
sufficient to raise it to the desired temperature.     This type of apparatus usually
causes the formation of foam.
(c)   A further type, in which milk passes through the annular space between
an inner  and  an  outer tube.     These  tubss  are  generally  surrounded  by  hot
water, which acts as the heating agent.     The employment of hot water for this
purpose prevents overheating of milk
It is now the accepted practice to combine heater and cooler and to make
use of the principle of " heat exchange," in which hot pasteurised milk
passes through the apparatus, giving up its heat to cold milk moving forward
for treatment. Although further heating and cooling of the raw and
pasteurised milk has to be arranged, it is possible to effect a great saving
in fuel costs by this method. The three usual types of combined pre-Jieater
and cooler are :
(a] A modified form of ordinary cooler. Milk to be cooled passes over
the external surface and that to be heated passes through the tubes. This
apparatus possesses all the disadvantages of the ordinary cooler as regards
contamination from the atmosphere, while the internal surfaces of the tubes are
difficult to cleanse and sterilise efficiently. Particular attention must be paid to
the joints where the tubes enter the tube plates, since a failure at this point would
be followed by re-contamination of the milk.
(6) A second type known as the double-tube heat exchanger. This consists of
a series of concentric tubes suitably interconnected. Milk to be heated flows
through the annular space provided between the two concentric tubes, while